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(57)  Anelectrical machine has phase windings com-
posed of coils connected in parallel. A current transduc-
er is arranged to measure the current in only one of the

Current measurement in electrical machines

coils and the total phase current is determined by scal-
ing the output of the transducer according to the number
of parallel branches in the phase winding.
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Description

[0001] The present invention generally relates to
measurement of current. More particularly, the present
invention relates to measurement of currentin the phase
winding of an electrical machine.

[0002] In installations involving electrical machines,
there is generally the need to know the current in the
machine, either for the purpose of control of the machine
or for the purpose of protection of the machine or the
supply in the event of a fault.

[0003] Figure 1(a) shows a known arrangement for
measuring the phase current in a three-phase delta-
connected machine. This is satisfactory if it can be as-
sumed that the supply voltages are balanced and that
the phases of the machines are identical. One current
transducer can then be used to provide both the phase
current and, by scaling, the supply current.

[0004] Figure 1(b) shows a known arrangement of
current measurement in an inverter-fed system, where
three current transducer(s) are used to allow the cur-
rents in the phase legs of the inverter to be monitored.
Three transducers are generally used, since the voltag-
es on the supply lines to the machine can no longer be
assumed to be balanced. By suitable summing, and
knowledge of the switch states in the inverter, the switch
currents may be deduced.

[0005] Some electrical machines have phase wind-
ings which are independent of each other, so switch and
phase winding currents can be measured with the same
current transducer, as shown in Figure 1(c) for a
switched reluctance machine. In this case, the phase
winding current is identical to the switch current when
the switches in a phase leg are closed.

[0006] In many cases, the current transducer signal
must be isolated from the potential of the winding for
safety reasons, so that galvanic isolation is achieved be-
tween the control circuit and the power circuit. This re-
quires some form of isolating transducer. In an alternat-
ing current circuit for example, a current transformer
could be used. However, in circuits where the currents
have an offset about zero, current transformers are un-
suitable and some form of flux-nulling device is normally
employed. For example, transducers in the LA range
made by LEM SA of Switzerland are commonly used.
Such devices, however, are relatively expensive and in
general the cost is in proportion to the maximum current
rating of the device.

[0007] Several known methods of reducing the trans-
ducer cost are known. For example, US Patent No
4182982 (Wolf) divides a busbar into unequal branches
and measures the current flowing in the smaller branch.
However, the division of the current in the branches is
not necessarily the same as the ratios of the cross sec-
tional areas of the branches, since the reflected imped-
ance of the transducer may be very significant com-
pared to the self-impedance of the branch. Furthermore,
the impedances will be frequency-dependent. Thus, al-
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though the system can be compensated for operation
at a single frequency, this compensation is not effective
over a frequency range. A similar system is disclosed in
US Patent No 6528960 (Roden) which uses a current
transducer coupled to one of a number of parallel-con-
nected conductors. All such systems suffer from in-
creasing error as the frequency of operation varies.
[0008] There is a need for a scheme which reduces
the cost of current measurement while maintaining ac-
ceptable accuracy.

[0009] The present invention generally relates to a
current measuring apparatus for indicating the current
in a phase winding of an electrical machine, the winding
having n coils connected in parallel, the apparatus com-
prising a single current transducer arranged in relation
to one of the coils, to produce an output indicative of the
currentin that coil, and scaler means connected with the
output of the transducer to produce a scaled output in-
dicative of the total current in the phase winding.
[0010] Conveniently, the scaler means are operable
to multiply the output of the transducer by n, thereby pro-
viding a direct correlation between the scaled output and
the winding current.

[0011] Itis possible to use embodiments of the inven-
tion to derate the current capacity of a current transduc-
er to keep the device cost down.

[0012] The invention also extends to an equivalent
method of measuring current.

[0013] Otheraspects and advantages of the invention
will become apparent upon reading the following de-
tailed description of exemplary embodiments of the in-
vention and upon reference to the accompanying draw-
ings, in which:

Figure 1 shows known configurations of current
transducers for different types of electrical machine;
Figure 2 shows a known transducer arrangement
for an electrical machine; and

Figure 3 shows a transducer arrangement accord-
ing to one embodiment of the invention.

[0014] Phase windings of electrical machines are
generally made up of at least two multiturn coils. Usually,
a flux pattern corresponding to one magnetic polarity is
produced by one coil or group of coils suitably connect-
ed. Another coil, or another group of coils, is arranged
at a suitable distance from the first, to produce a flux
pattern of the opposite polarity. If a phase winding is re-
quired to produce a 2-pole pattern, then these two
groups of coils can simply be connected in series or par-
allel, depending on the supply voltage and the flux re-
quired. If the coils are in series, each coil carries the
phase current, whereas if the coils are in parallel, each
coil carries a fraction of the phase current.

[0015] Figure 2 shows a schematic diagram of the
winding of an electrical machine which has four coils per
phase, with all four coils in parallel across the supply.
The usual method of monitoring the phase current would
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be to position a current transducer as shown, so that the
total current of all the coils is measured.

[0016] Figure 3 shows the same coils as in Figure 2,
but now with the current measuring apparatus according
to the invention. In this apparatus, a transducer is ar-
ranged to be exposed to the current I',.,5 in only one
leg of the parallel arrangement of phase coils. Thus, the
transducer measures only one quarter of the total phase
current |y,. Provided that the current transducer does
not present a significant reflected impedance into the
circuit, the main power circuit is unchanged. The total
current I'y, in the phase winding is now obtained by scal-
ing the coil current by multiplying it by four using the scal-
er shown. This yields a measurement of the current
phase winding by a transducer rated at only one quarter
of the phase current. For n phase legs (four in this em-
bodiment) the scaling is n.

[0017] It will be realised that this scheme has major
advantages over the prior art. Firstly, it can use either
isolated or non-isolated current transducers, according
to the demands of the control system. Secondly, it is not
affected by variations of frequency, since the inductance
of the coils of the machine will swamp the reflected im-
pedance of the transducer, so that the currents in the
parallel branches will not be affected by the presence of
the transducer. Typically, the inductance of the coils
could be two orders of magnitude greater than the re-
flected impedance of the transducer. Thirdly, as the ma-
chine gets larger, more and more coils are typically ar-
ranged in parallel, so that one coil carries a smaller frac-
tion of the total current, and the relative cost of the cur-
rent transducer arrangement falls.

[0018] The skilled person will appreciate that variation
of the disclosed arrangements are possible without de-
parting from the invention. Accordingly, the above de-
scription of several embodiments is made by way of ex-
ample and not for the purposes of limitation. It will be
clear to the skilled person that minor modifications can
be made to the arrangements without significant chang-
es to the operation described above. The presentinven-
tion is intended to be limited only by the scope of the
following claims.

Claims

1. A current measuring apparatus for indicating the
current in a phase winding of an electrical machine,
the winding having n coils connected in parallel, the
apparatus comprising a single current transducer
arranged in relation to one of the coils, to produce
an output indicative of the current in that coil, and
scaler means connected with the output of the
transducer to produce a scaled output to give an
indication of the total current in the phase winding.

2. Apparatus as claimed in claim 1 in which the scaler
means are operable to multiply the output of the
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transducer by n.

3. A method of measuring current in a phase winding
of an electrical machine, the winding having n coils
connected in parallel, the method comprising:

arranging a single current transducer in a trans-
ducing relationship to one of the coils, thereby
producing an output indicative of the current in
that coil; and

scaling the output of the transducer to produce
a scaled output indicative of the total current in
the phase winding.

4. A method as claimed in claim 3 including scaling
the transducer output by multiplying it by n.
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